A flavonoid survey was carried out on 45 taxa from the genera Shorea, Hopea, Parashorea, Neobalanocarpus, and Dryobalanops of the tribe Shoreae in the Dipterocarpaceae. The study showed significant chemotaxonomic differences in leaf flavonoid aglycone patterns and the presence of tannins in these taxa. The flavonoid patterns are useful in the delimitation of some taxa. For example, the genus Parashorea is distinguished by the universal presence of kaempferol 3-methyl ether, and the monotypic genus Neobalanocarpus is unique in not producing ellagic and gallo tannins. The presence of chalcones and flavone C-glycosides supports the separation of the genus Hopea into two sections, section Dryobalanoides and section Hopea in Ashton's classification, which is based on the type of venation. The flavonoid distributions in this study show that they can be very useful for differentiating between the Balau group in the genus Shorea and some scaly barked Hopea species, particularly H. helferi 
INTRODUCTION
The Dipterocarpaceae is an important timber family with 13-15 genera and approximately 510-680 species (Ashton, 1982; Maury-Lechon & Curtet, 1998) . Ashton (1979) pointed out the difficulties involved with the classification and identification of this group, especially for Hopea, Shorea, and Neobalanocarpus heimii, because of the close morphological similarities. Shorea and Hopea are the most similar genera and exhibit continuous morphological variation at the generic, infrageneric, and specific levels. Overlapping characters between these two genera have led to the recognition of intermediate taxa, such as Parashorea (Yulita, Bayer & West, 2005) . Most of the Dipterocarpaceae species are of economic value for their timber products, nontimber products or as part of dynamic biodiversity and ecosystems in the tropical rain forest. This valuable biodiversity is threatened by logging, development, and agriculture. The durable timber species of high commercial value have become overexploited and scarce. For the establishment of effective reforestation and breeding programmes, the interspecific relationships within the Dipterocarpaceae need to be studied in detail. This presumes the knowledge of a simple, objective means of identifying different species (Rath et al., 1998) . The distribution of flavonoids can be used as a chemotaxonomic marker or as a chemical fingerprint for the identification of species, genera, or even tribes. In addition, it can be used to deduce taxonomic relationships at various levels, such as genera, sections, subsections, and species (Harborne, 2000; Joshi, Seneviratne & Senanayake, 2004) . However, informa-tion regarding the flavonoid aglycone patterns of the species of Dipterocarpaceae is somewhat limited. Bate-Smith & Whitmore (1958) reported aglycones in the hydrolysed extracts of 28 Malayan species, and Bate-Smith (1962) reviewed the aglycones of 11 species. Joshi (2003) , and Joshi et al. (2004) reported the presence or absence of myricetin, quercetin, kaempferol, and cyanidin in some Sri Lankan species. In the present investigation, acid-hydrolysed leaf extracts and 80% methanolic extracts of 80 species were used either as fresh or dried material to identify the flavonoid constituents and to study their use as chemotaxonomic markers.
MATERIAL AND METHODS
Fresh leaf materials were obtained from several forest reserves in Peninsular Malaysia, and were used for phytochemical studies, except in a few cases in which small dried leaf samples were obtained from FRIM Kepong Herbarium and The Royal Botanic Gardens, Kew. Fresh specimen identifications were confirmed at FRIM Kepong Herbarium, and all herbarium specimens were determined by Peter Ashton. Duplicated voucher specimens have been deposited in the Universiti Kebangsaan Malaysia Herbarium, Bangi, Selangor, Malaysia, and the Royal Botanic Gardens, Kew, Richmond, UK. A full list of species and the localities from which they were collected is given in the Appendix.
Extracts of dried leaf material were obtained with hot 80% methanol (MeOH), and screened by two-dimensional paper chromatography (2-D PC) on Whatman no. 1 paper in butan-1-ol-acetic acid (HOAc)-water (4 : 1 : 5) top layer (BAW) and 15% HOAc, and also BAW and water (H 2O). The latter system was used to reveal the presence of any acylated flavonoids and flavonoid glucuronides. Rutin was used as a marker. Paper electrophoresis at pH 4.4 for 2 h at 40 V cm -1 was carried out on these same extracts, again to confirm the possible presence of glucuronides and acylation, specifically dicarboxylation. All papers were dipped in Naturastoff reagent (NA) to assist in the identity of the flavonoid class of each spot. Acid hydrolysis in 2 M hydrochloric acid (HCl) at 100°C was carried out on each extract for 30 min to remove any O-sugars, and then for 4 h to confirm the presence of flavone C-glycosides. After 30 min of hydrolysis, the aglycones were extracted into ethyl acetate (EtOAc), allowed to concentrate to dryness in an air draught, redissolved in 100% MeOH, and screened by 2-D cellulose thin layer chromatography (TLC) in chloroform-HOAc-H 2O 2 : 1 : 0.13 (CAW 2 : 1) and 50% HOAc. The Rf values and colours under ultraviolet (UV) light (l = 365 nm) were compared with those of authentic markers, including gallic and ellagic acids, which indicated the presence of gallotannins and ellagitannins, respectively, in the unhydrolysed extracts. When necessary, the flavonoid aglycones and ellagic and gallic acids were identified by gradient reverse-phase highperformance liquid chromatography (HPLC) as follows: 75% of 2% HOAc (A) and 25% of MeOHHOAc-H 2O (18 : 1 : 1) (B), changing to 35% A and 65% B over 23 min in a linear mode. A Waters Bondapak phenyl column (dimensions, 0.4 ¥ 30 cm) at a flow rate of 1 mL min -1 and a temperature of 25°C were used. Detection was by UV light (l = 260 nm) on a photodiode array spectrophotometer scanning over a range of l= 260-400 nm. When anthocyanidins were detected as a result of the breakdown of proanthocyanidins during acid hydrolysis, these were extracted into iso-amyl alcohol and concentrated to dryness in an air draught. These residues were then redissolved in 1% HCl in MeOH, and the anthocyanidins were identified by comparing the R f values in HOAcHCl-H2O (30 : 10 : 3) (Forestal) on cellulose TLC plates with cyanidin and delphinidin. Any flavone C-glycosides remaining after 4 h of acid hydrolysis were extracted into iso-amyl alcohol, air dried, redissolved in 80% MeOH, and identified by comparison with authentic markers by a combination of 2-D PC in BAW and 15% HOAc, 2-D TLC in CAW 2 : 1 and 50% HOAc, and HPLC. Any possible flavanone or chalcone present was isolated by preparative 2-D PC on Whatman no. 3 grade paper, and analysed by HPLC. The two qualitative colour tests using powdered magnesium or zinc with 5 M HCl were carried out on the suspected flavanones to confirm this class of flavonoid and to distinguish between flavanones and dihydroflavonols (Markham, 1982) . Luteolin 7-glucoside/ galactoside was isolated from Hopea nervosa and Shorea maxima by 2-D PC, and identified by standard techniques (Harborne, 2000) .
RESULTS
The results of a survey of 45 species of the tribe Shoreae for their leaf flavonoid constituents are presented in Tables 1 and 2 . The present phytochemical study of Malaysian Dipterocarpaceae showed a similar flavonoid profile to that reported by BateSmith & Whitmore (1958) and Bate-Smith (1962) for the same taxa. For example, myricetin, quercetin, and kaempferol in Hopea beccariana, reported by BateSmith & Whitmore (1958) and Bate-Smith (1962) , were also detected in this study. Similarly, quercetin was found in H. nutans, H. subalata, and Shorea maxwelliana.
Gallic and ellagic acids were present in all Shorea, Hopea, Dryobalanops, and Parashorea species studied, including Neobalanocarpus heimii, indicat- 
+, present; -, absent; Ap, Apigenin; Km, kaempferol; KmME, kaempferol 3-methyl ether; Lu, luteolin; Lu7Glu/Galac, luteolin 7 glucose/galactose; My, myricetin; Qu, quercetin. - Flavonoids are considered to be faster evolving than molecular markers, such as sequences of the rbcL gene in chloroplasts used in phylogenetic studies, and hence are more important at lower taxonomic levels (Joshi et al., 2004) . Flavonol aglycones were detected in all species studied, with the exception of Neobalanocarpus heimii, thus distinguishing this species from other members of the tribe Shoreae. Quercetin was found as the major leaf aglycone in all the species examined, except N. heimii, S. laevis, Dryobalanops aromatica, and D. lanceolata. Joshi et al. (2004) In evolutionary terms, Harborne (1966) has postulated a sequence whereby flavones are more advanced than flavonols (by reduction). Flavone aglycones were only found in some of the 46 species studied, compared with the almost universal presence of flavonols, suggesting that most of the species of Dipterocarpaceae studied are primitive in the evolutionary line on the basis of flavonoid patterns. The flavone luteolin, present as the 7-glucoside and/or galactoside, was detected in H. nervosa and S. maxima, indicating the potential for these compounds as chemotaxonomic markers for these two species. Luteolin was also detected after acid hydrolysis in two further taxa, P. parvifolia and P. smythiesii, and could be a useful chemotaxonomic marker for these two species. The findings in this study were slightly different from those of Joshi et al. (2004) and Joshi (2003) . In this study, flavone aglycones (luteolin and apigenin) were almost absent from all species studied, whereas, in the Sri Lankan Dipterocarpaceae, flavone aglycones were present in all the species studied. However, further investigations should be performed and more taxa should be studied to further confirm the chemical differences between the Malaysian and Sri Lankan Dipterocarpaceae, particularly in the flavonoid compounds.
In dicotyledons, particularly in woody plants, the presence of myricetin and proanthocyanidins is considered to be a primitive character (Bate-Smith, 1962) . Harborne & Williams (2000) noted that the presence of proanthocyanidins was more likely in young leaves, functioning as a protection mechanism against potential leaf damage by UV radiation. Neobalanocarpus heimii possesses a distinct flavonoid pattern, with the absence of condensed tannins, flavonoid aglycones, chalcones, or flavanones. This monotypic genus proved to be chemically different from the other genera in the tribe Shoreae in its flavonoid chemistry. Nevertheless, this genus is associated with the other genera in the tribe Shoreae in the presence of gallic and ellagic acid in the hydrolysed extracts. In this study, two species of Shorea (S. smithiana and S. beccariana) and four species of Hopea (H. mengarawan, H. latifolia, H. ferruginea, and H. helferi) with myricetin could be considered as having a primitive type of flavonoid pattern. Proanthocyanidins were detected in most of the Shorea species examined, except S. siamensis, S. isoptera, S. blumutensis, and S. agamii, and in some Hopea species, namely H. myrtifolia, H. sulcata, H. pubescens, H. dyeri, H. ferruginea, H. nervosa, H. nutans, and H. helferi . These tannins were found in only one species, D. aromatica, of the genus Dryobalanops, and in all Parashorea species. Therefore, the three genera Shorea, Hopea, and Parashorea can be regarded as more primitive than N. heimii, where myricetin and proanthocyanidins were not detected.
Chalcones were detected in all Hopea species of section Hopea, in both subsection Hopea (H. odorata, H. sangal, H. nutans, H. helferi, and H. ferrea) and subsection Pierrea (H. apiculata), but absent in all Hopea species of section Dryobalanoides. Thus, these chemical differences support the separation of the genus Hopea into two sections: section Dryobalanoides and section Hopea in Ashton's (1982) classification, which is based on the type of leaf venation. This separation is also supported by the presence or absence of flavone C-glycosides. Thus, glycoflavones were detected in all species in section Dryobalanoides and were not detected in any species in section Hopea.
The data in Tables 1 and 2 suggest that the genera can be arranged into groups according to the presence or absence of these compounds. Thus, flavone C-glycosides were not detected in any Shorea species, but were found in all Parashorea species. Therefore, these constituents could be useful to differentiate FLAVONOID SURVEY OF THE SHOREAE 759 between these two genera. Flavone C-glycosides were also detected in most Hopea species surveyed, except for those in section Hopea. Flavanones, another class of flavonoid, were detected in seven species of Shorea, namely S. guiso, S. atrinervosa, S. laevis, S. maxwelliana, S. isoptera, S. smithiana, and S. lepidota , and also in two species of Hopea, namely H. subalata and H. nervosa. Flavanones were not detected in any species of Parashorea and Neobalanocarpus, indicating the importance of these compounds as useful chemotaxonomic markers for the identification of some Hopea and Shorea species.
The flavonoid distributions in this study showed that they can be very useful for differentiating between the Balau group in the genus Shorea and some scaly barked Hopea species, particularly H. helferi (lintah bukit), H. nutans (giam), and H. ferrea (malut). In the absence of flowers and fruits, there is no single morphological character by which the Balau group can be distinguished with certainty from these three Hopea species. In this study, all species in the Balau group (S. guiso, S. isoptera, S. laevis, S. maxwelliana, and S. seminis) can be distinguished by the presence of flavanones, but this class of flavonoid was not detected in any of the three Hopea species. Chalcones were detected in H. helferi, H. nutans, and H. ferrea, but not in any species in the Balau group of the genus Shorea, thus identifying a chemical difference in spite of the morphological similarity.
CONCLUSIONS
As a conclusion, this study has shown significant chemotaxonomic differences in leaf flavonoid aglycone patterns and the presence of proanthocyanidins in species of Dipterocarpaceae from Malaysia. The flavonoid patterns are also useful in the identification of certain species, such as H. nervosa (which showed luteolin 7-glucoside and/or galactoside together with flavanones), S. maxima (which showed luteolin 7-glucoside and/or galactoside), and H. helferi (which showed myricetin and quercetin, together with chalcones). The flavonoid patterns also characterized certain genera, such as Parashorea, with the presence of kaempferol 3-methyl ether in all species studied. The monotypic genus Neobalanocarpus can be distinguished from all other species in the tribe Shoreae by the absence of flavonols, flavone, flavanones, and chalcones. This finding confirmed Bate-Smith & Whitmore's (1958) conclusion of the close relationship between N. heimii and Hopea based on flavonoid compounds. Using the flavonoid patterns, it is possible to gather certain species into different groups, such as in Hopea. Based on the presence of chalcones and flavone C-glycosides, two groups were identified which resembled section Hopea and section Dryobalanoides in Ashton's (1982) classification. Therefore, this study proved that phytochemical evidence can be used in the identification of species and can possibly be applied to the classification of Dipterocarpaceae. The findings in this study are in complete agreement with those of Bate-Smith & Whitmore (1958) , Joshi (2003) , and Joshi et al. (2004) , who reported that the presence/absence of flavonoid compounds has taxonomic value in Dipterocarpaceae. The findings in this study were slightly different from those of Joshi et al. (2004) and Joshi (2003) . In this study, flavone aglycones (luteolin and apigenin) were absent from almost all species studied, whereas, in the Sri Lankan Dipterocarpaceae, flavone aglycones were present in all species studied. In the present study, the presence or absence of flavonoid classes has been shown to have chemotaxonomic significance in the tribe Shoreae.
